Improved efficacy, predictability, and safety of modern phacoemulsification have resulted in cataract surgery being considered as a refractive procedure. Refractive lens exchange by definition is a surgery aimed at replacing the cataractous or clear crystalline lens with an intraocular lens (IOL) in cases of high ametropia. The excellent intraocular optics of this procedure provide a better visual outcome as compared with laser refractive surgery in high myopia. With advances in technology and IOL formulas, the predictability of refractive outcome after cataract surgery in high myopes has improved. The option of addressing presbyopia using multifocal/accommodating IOLs or monovision results in patients achieving reasonable spectacle independence. The most important concern with respect to phacoemulsification in high myopia is the risk of pseudophakic retinal detachment. High myopia is an independent risk factor for retinal detachment, and recent publications have reported a much lesser risk of retinal detachment specifically attributable to phacoemulsification in high myopes, especially if a thorough posterior segment evaluation is done and patients are followed up until development of complete posterior vitreous detachment. Refractive lens exchange is an effective and safe option to correct high myopia and can significantly improve quality of life in select patients. Key Words: high myopia, intraocular lens implantation, phacoemulsification, refractive lens exchange (Asia Pac J Ophthalmol 2016;5: 438-444)
from a German database of choice or practice of refractive surgical procedures put RLE second only to laser refractive procedures, and this trend was seen across Europe. 2, 3 Abbe Desmonceaux was the first to suggest lens extraction as a cure for myopia way back in 1776 and in the 1890s, Fukola published his work on treatment of high myopia by aphakia. [4] [5] [6] [7] The procedure fell into disrepute because of increased incidence of complications, especially retinal detachments (RDs). The improved efficacy, predictability, and safety of modern-day phacoemulsification with more accurate methods of measuring the corneal curvature, axial length, better IOL formulas, better machines, improved surgical techniques, and skills have resulted in a resurgence of lens extraction as a modality for correction of high myopia. Increased numbers of RLE are being performed worldwide, especially in patients not suitable for LASIK or phakic IOL or with early lens changes in the presbyopia age group. Refractive lens extraction addresses refractive error and cataract and with the use of modern multifocal IOLs results in a significant degree of spectacle independence for the patient. [2] [3] [4] [5] 
INDICATIONS FOR RLE
Present-day indications for RLE in high myopia are primarily limited to the following:
1. High myopia patients not amenable to conventional laser refractive surgery because of high refractive error or thin cornea; 2. High myopia patients not amenable to phakic IOL because of low anterior chamber depth, poor endothelial counts, or early cataract changes; 3. Presbyopic highly myopic patients who want reasonable independence from glasses for both distance and near vision; and 4. Myopes with early lens changes who desire refractive correction.
CONTRAINDICATIONS
The relative contraindications for RLE, especially for a clear crystalline lens, are as follows:
1. Patients younger than 40 years with no evidence of posterior vitreous detachment (PVD); 2. Presence of multiple peripheral vitreoretinal degenerative changes; 3. History of RD in the same or other eye; 4. Presence of myopic choroidal neovascularization/lacquer cracks; and 5. Patients with unrealistic expectations of the outcome, who are unwilling to attend regular follow-up or to accept the inherent risks of surgery.
ADVANTAGES
Optics of the IOL confer better quality of vision as compared with LASIK, and this optical quality does not degrade with time except in the presence of a posterior capsular opacification. The refractive results are predictable and stable with a larger range of refractive correction possible than with either LASIK or phakic IOL. Use of multifocal or accommodating IOLs results in good unaided distance, intermediate, and near vision. Visual recovery is faster, and it is more cost-effective, as the higher cost of phakic IOLs and future cataract surgery is eliminated. The principles of surgery are in the domain of most cataract/anterior segment surgeons. 4, 5, [7] [8] [9] 
DISADVANTAGES
The commonest disadvantage is the loss of accommodation with need for near-vision glasses in cases of monofocal IOL and the inherent risk associated with intraocular surgery, especially in a high myope.
PREOPERATIVE EVALUATION, EFFICACY, AND PREDICTABILITY OF RLE/PHACOEMULSIFICATION IN HIGH MYOPIA
Highly myopic patients planned for phacoemulsification need to have a detailed ocular evaluation, especially to rule out any peripheral retinal lesion that could predispose to a rhegmatogenous RD. Peripheral retinal degenerations might need to be treated with argon laser photocoagulation before intraocular surgery. High myopes are also prone to developing macular degenerative changes, and a careful slit-lamp biomicroscopy with 78 diopter (D) or 90-D lens might be useful to detect a lacquer crack or choroidal neovascular membrane (CNVM) that can compromise visual outcome after surgery. Optical coherence tomography (OCT) is a very useful tool to help us identify subtle macular lesions that might not be picked up on slit-lamp biomicroscopy, and it is advisable to perform OCT preoperatively in all highly myopic eyes before surgery. Refractive predictability of the procedure depends on accurate ocular biometry and a meticulous surgery with in-thebag placement of the foldable IOL. Optical biometry has now become the criterion standard in eyes undergoing RLE. Optical biometry using partial coherence laser interferometry using IOLMaster (Zeiss, Germany) or LenStar 900 (Haag-Streit, Switzerland) is fairly accurate, reproducible, and repeatable. 10 The axial length measurement accuracy with partial coherence laser interferometry scores is better than with conventional ultrasound, especially in the setting of a posterior staphyloma. Their feasibility is, however, limited in patients with very dense cataract, RD, corneal scar, or poor fixation. The noncontact rapid and reliable acquisition of measurements along with the newer IOL formula in these machines plays an important role in the refractive accuracy of cataract surgery. The other source of refractive error is inaccurate measurement of the corneal power, especially seen in patients after laser refractive surgery, and using a corneal topographer to identify these patients and using specialized values from the same can help better predict IOL power. Corneal topography is also a useful tool to plan astigmatic correction such as limbal relaxing incision along with cataract surgery. Compared with emmetropes, high myopes still end up with a mild hyperopic mean absolute refractive error. This hyperopic error increases with increase in axial length and is greater in eyes requiring a negative power IOL. This is attributable to the fact that the same constant is used for both positive and negative power IOLs. Optimizing the constant for negative power IOLs reduces this error. 11, 12 The other ways to achieve better refractive outcomes in high myopes are by adjusting the axial length that has been proposed with some of the recent formulas. Wang and Chang 13 compared different methods of calculating IOL power in eyes with different axial lengths and found the best refractive results with the Haigis formula. Zhang et al 14 reported on the accuracy of IOL power calculation in eyes with axial length of more than 26 mm and reported that Barrett Universal II, SRK/T, and Haigis had similar accuracy; however, the Barrett Universal II had the lowest predictive error and the least variable predictive error. Abulafia et al 15 also reported that for IOL power less than 6 D, Barrett Universal II, plus Holladay 1 and Haigis with axial lengthadjusted method, gave the least refractive predictive error. Because most studies have an average mean absolute predictive error in high myopes of approximately 1 D, it might be prudent to aim for a mild degree of myopia rather than emmetropia in extreme high myopes as they are used to having good near vision. 16 A recent study with monofocal IOLs in high myopes reported good outcomes with a planned residual error of −2 D in patients desiring freedom from glasses for intermediate and near vision. 17 Meticulous surgery is of paramount importance to achieve good refractive outcome and to improve long-term safety. Microincision phacoemulsification with in-the-bag placement of the IOL in a well centered and sized capsulorhexis, minimal anterior chamber fluctuations, avoiding posterior capsular rents, a thorough cortical wash, and posterior capsular polishing play an important role in final outcome. 5 Although in general in-the-bag phacoemulsification is safer on the corneal endothelium, in certain situations supracapsular phacoemulsification might be a safer approach, especially to reduce the risk of posterior capsular rent. 18 The presence of the IOL reduces the risk of posterior capsular opacification and acts as a barrier to the forward migration of vitreous and with the availability of low power plus, zero, and even negative power IOLs, the consensus is to place an IOL in all cases as far as possible.
SPECIAL SITUATIONS

RLE With Toric IOL
Residual astigmatism of 0.75 D or more after cataract surgery affects visual function and patient satisfaction. Khan and Muhtaseb 19 reported that almost 75% of patients who underwent cataract surgery had preoperative corneal astigmatism of greater than 0.5 D. Toric IOLs have revolutionized astigmatic correction in cataract surgery and are an indispensable tool to correct corneal astigmatism of 0.75 D or more and seem to correct astigmatism better as compared with spherical IOL with limbal relaxing incision as reported by Kessel et al 20 and Sun et al. 21 Nomograms that adjust for the contribution of posterior corneal curvature to the total corneal astigmatism are available, which can help in achieving more accurate postoperative results. 22 In a prospective study by Ruiz-Messa et al, 23 refractive lens exchange with toric IOL (AcrySof Toric, Austin, Tex) resulted in a mean reduction in astigmatism by 80%, with a residual astigmatism within ±0.5 D in all patients. Jaimes et al 24 and Leccisotti 25 reported on the use of toric IOL to address myopic astigmatism in grade 1 stable keratoconus patients with reasonable success.
RLE With Multifocal IOL/Accommodating IOL
Presbyopia-correcting IOLs using a multifocal design aim to provide spectacle independence for both distance and near vision by generating several foci at different distances. These IOLs improve near vision at the expense of contrast sensitivity and can cause visual phenomena such as glare and halos. Accommodating IOLs are designed to mimic accommodation by the movement of the IOL on ciliary body contraction; their efficacy is based on the power and amount of displacement of the IOL and is limited with single optic design. Recently, a dual-optic design with high plus power moving optic with a low power static minus lens joined by a spring haptic has been tried (Synchrony, Abbot Medical Optis, AMO, Santa Ana, California). Accommodating IOLs are not associated with visual phenomena such as glare and halos; however, they seem to be less effective as compared with multifocal IOLs with respect to intermediate and near vision. 4, 5 A meta-analysis comparing the result of multifocal IOLs in cataract and in refractive lens exchange reported good outcomes in unaided monocular and binocular distance vision and spectacle independence. 26 Venter et al 27 reported that, in a large series of 9366 patients who received multifocal IOLs, only 0.44% were unhappy with the quality of vision requiring IOL explantation. Kermani and Gerten 28 reported that, in their series of 1438 multifocal IOLs (AcrySof ReSTOR/ ReSTOR toric), explantation of IOL was performed in 0.83% of cases, of which only 0.28% (4 cases) were secondary to issues with optical phenomena, indicating the improved quality of vision with the newer multifocal IOL designs. Blaylock et al 29 published their results of RLE with AcrySof ReSTOR with uncorrected visual acuity of 20/20 for both distance and near in their series of 60 eyes. Alfonso et al 30, 31 also reported good outcomes of Acri.Lisa bifocal IOL (Zeiss) in patients undergoing refractive lens exchange. Alió et al 32 compared the result of low add power refractive multifocal IOL with rotational asymmetry (Lentis Mplus LS-312 MF15, Oculentis, Berlin, Germany) with the single optic accommodating IOL (Crystalens HD, Rochester, New York) and concluded that both give excellent distance visual acuity; however, the range of focus, intermediate, and near vision outcomes were better with the multifocal IOL. 32 There is a recent trend toward the increasing use of multifocal IOLs in RLE in patients without macular degeneration, but the risks of glare, starburst, and halos need to be discussed preoperatively. However, the availability of multifocal/ multifocal toric IOLs in very high myopes might be an issue. 4, 5, 26 
RLE With Monovision
Monovision with monofocal IOLs aims to achieve relative spectacle independence by rendering each eye a different focus, one at distance and the other at near. It works based on the principle of interocular blur suppression and is mediated by the central nervous system. It provides an important alternative to multifocal and accommodating IOLs (1) when cost is a concern, (2) in patients who cannot afford the risks of glare or decrease in visual quality (eg, patients who require night driving or work as photographers), (3) when multifocal IOL is out of range, and (4) when other ocular comorbidities exist. Unlike multifocal IOLs, the outcome of monovision may be simulated before the actual surgery is performed. Preoperative contact lens trial offers a good estimate of the final visual outcome in patients with reasonable preoperative vision. The effect of the patient's residual accommodating power, however, needs to be considered carefully when performing contact lens trial. In patients who have significant residual accommodating power, contact lens trial may underestimate the target postoperative myopic refraction needed for near vision.
Pediatric clear lens extraction has been reported, especially in patients with high myopia (anisometropia or high ametropia) who are noncompliant with glasses or contact lenses or in patients with neurobehavioral disorders when laser refractive surgery or phakic IOL is not possible. 4, 5, 33, 34 However, risks of possible RD, glaucoma, and the change in myopia with change in axial length need to be considered.
COMPLICATIONS
Pseudophakic Risk of Retinal Detachment in High Myopia
Retinal detachment is one of the most important sight-threatening complications after cataract surgery. Factors known to be associated with an increased risk of RD are younger age, male sex, family history or history of RD in the other eye, increased axial length, history of trauma, vitreoretinal pathological features, intraoperative posterior capsular rent with or without vitreous loss, aphakia, and need for YAG capsulotomy. The published risk of pseudophakic RD is reported to be between 0.16% and 1.17%, and this risk increases up to 2 decades after surgery. [35] [36] [37] [38] [39] [40] Clark et al 39 reported a gradual decrease in incidence of pseudophakic RD from an incidence of 0.96% between 1989 and 1993 to 0.25% between 1999 and 2001. The pathophysiology of pseudophakic RD is probably due to vitreous changes induced by the surgery. The removal of the crystalline lens causes volumetric changes in the eye leading to vitreous degeneration and movement that can predispose to rhegmatogenous RD. 41 Polkinghorne and Craig 42 reported the annual risk of RD in the general population to be 0.018% (1/8500 eyes). Russell et al 35 previously noted the risk of RD after cataract surgery to be 1/850 eyes, almost 10 times the normal risk, with a higher incidence in patients younger than 50 years. Recent reports quote a reduced rate, with a study by Bjerrum et al 36 and Erie et al 37 reporting a 4 times' higher risk of RD in pseudophakic patients as compared with patients who were not operated on. High myopia is an independent risk factor for RD, with almost 50% of the non-trauma-related detachments occurring in myopes. 43 The risk of RD in myopes is higher because of the larger eyeball size with retinal stretching, subsequent thinning, and peripheral hole formation that might herald a rhegmatogenous RD and anomalous vitreoretinal adhesions predisposing to retinal tear subsequent to PVD. 44, 45 The incidence of spontaneous RD in high myopia varies from 1.0% to 11.4%, and the risk increases with the degree of myopia, axial length, and age. [44] [45] [46] [47] Bohringer et al 48 reported a progressive increase in the risk of RD for myopes with more than 10 D from 1.1% at 40 years to 6.8% at 80 years of age. Perkins 49 reported an annual risk of 0.68% in myopes with more than 10 D. Myopes up to 15 D have 15 times the risk of RD as compared with emmetropes, and this risk is increased to 110 times in myopes with more than 15 D. 4, 5, 42, 44, 46, 47 Published reports of the risk of RD after RLE/cataract surgery in high myopia vary from 0% to 8%. 4, 5, 43, 46, 47, This difference is attributed to the varied axial length, degree of myopia, patient age, and follow-up duration in different studies. Colin et al 51 71 (5. 5%) have reported a higher incidence of RD, whereas other recent studies have reported an incidence from 0% to 4% ( Table 1 ). The reason for higher incidence in these studies was the inclusion of extracapsular surgeries, younger patient age at surgery, and aphakia, which are independent risk factors for RD. Three of 4 detachments reported by Colin et al 51 occurred 4 years after surgery and after requiring YAG capsulotomy, raising questions about the cause-and-effect association between RLE surgery and RD. Although Ripandelli et al 47 showed an increased risk of RD in the operated eye (8%) as compared with the unoperated eye (1.2%), there was probably a selection bias, as the number of preoperative prophylactic laser treatments required in the operated eye was higher. Recent studies such as that by Neuhann et al 46 report a lower incidence of RD from 1.5% to 2.2%. The Kaplan-Meier cumulative risk of RD in their series was 5% at 10 years. Alió et al 68 report a low value of 2.7% incidence of RD in their entire group. The cumulative risk of RD at 5 years in their series was 3.28%. There was a trend toward a higher risk of RD in patients younger than 50 years. Their incidence, although low, is 2 times the risk of RD in unoperated myopic eyes (1.2% as reported by Ripandelli et al 47 ) and in nonmyopic eyes undergoing conventional phacoemulsification (1.1% as reported by Tuft et al 38 ) . In a metaanalysis of RLE for high myopia from −6 to −33.75 D in 1372 eyes with a follow-up range of 15 to 45.9 months and most patients in the third or fourth decade, Sanders 83 reported a cumulative risk factor of 1%. If we take the oft-quoted risk factor of 0.68% per year for myopia of more than 10 D (Perkins 49 ) as the risk of RD in unoperated myopes, the expected occurrence of RD in 4 years would be 3.25%, close to the value reported by Horgan et al 56 (3. 2% over 11 years) and higher than that reported by Fernández-Vega et al 52 (2.1% over 4.78 years) . Thus, recent reports mention a relatively low risk of RD attributable to phacoemulsification in high myopes, especially if phacoemulsification is performed after the age of 60 years, and the risk lies in the domain of myopia more than phacoemulsification. Because the risk of pseudophakic RD in myopes was related to vitreous changes, especially the development of PVD, Manvikar and Steel 84 suggested combining pars plana vitrectomy in highly myopic eyes undergoing refractive lens exchange with good results. Most studies have found younger age at surgery to play a significant role in the development of RD. Considering the risk of RD in young patients with high myopia and with an aim of retaining their accommodation, it might be prudent to consider phakic IOL as a choice instead of refractive lens exchange for patients younger than 40 years. 9
Is There Any Role of Prophylaxis for Peripheral Retinal Lesions?
A thorough retinal evaluation with indirect ophthalmoscopy is recommended in these eyes before cataract surgery. The incidence of peripheral retinal lesions in these eyes is higher than in the normal population, and some of these lesions need to be treated with argon laser photocoagulation before intraocular surgery. However, there are conflicting reports of the benefits of treating peripheral retinal lesions before cataract surgery/RLE. More than 50% of RDs after cataract surgery occur from new retinal lesions secondary to vitreous traction, and these would not be amenable to preoperative treatment. 45 Goldberg 85 and Wilkinson 86 also felt that there was not a great role for prophylactic laser treatment. Rosen noted the folly of treating suspicious areas when the inciting factor was anomalous PVD that could create a retinal tear in an apparently normal area. At present, the preferred practice pattern guidelines according to the American Academy of Ophthalmology recommend that acute symptomatic horseshoe tears, acute symptomatic dialysis, and traumatic holes be treated with laser barrage or cryoapplication to create a dense chorioretinal adhesion. Lesions such as asymptomatic lattice with or without a hole and asymptomatic operculated holes/atrophic holes can be observed. There is not enough evidence that these lesions need treatment before cataract surgery. However, these patients need regular followup, monthly for the first 3 months followed by every 3 months and then every 6 months. Symptomatic PVD with no break needs to be followed up in 1 to 8 weeks and then every 6 to 12 months. Symptomatic horseshoe tears and dialysis that undergo laser barrage should be followed up in 1 to 2 weeks, then after 4 to 6 weeks, and then every 3 to 6 months. 87 Pseudophakic myopic eyes need regular retinal evaluation at least until development of PVD. Treatment should be considered with the development of retinal pathology that could increase the risk of rhegmatogenous RD.
YAG Capsulotomy and Risk of RD
There are mixed reports regarding YAG capsulotomy causing RD. The mechanism of RD has been attributed to the laser energy destabilizing the hyaluronic acid matrix leading to synchesis and syneresis of the vitreous. Normal age-related vitreous changes are associated with corresponding decrease in vitreoretinal adhesions; however, when associated with a younger age, cataract surgery, or YAG capsulotomy, the vitreous changes can lead to anomalous PVD that can predispose to RD. Colin et al 51 reported a baseline rate of 2% RD at 4-year follow-up, which significantly increased to 8.1% at 8 years within 2 years of YAG capsulotomy performed in 3 eyes. Arne 63 also reported a higher risk of RD with YAG capsulotomy. Javit's 88 study of 57,103 patients revealed a 3.9-fold increased risk of RD after YAG capsulotomy. Olsen and Olson 89 reported a higher incidence of RD after YAG initially; however, after modifying their protocol to one with a lower energy setting and smaller treatment area, they reported no RD after YAG in a follow-up of 6.5 years. Studies by Erie et al, 37 Tuft et al, 38 and Russell et al 35 did not find any association of RD with YAG capsulotomy after cataract surgery. Alió et al 68 specifically studied the risk of YAG capsulotomy after cataract surgery in high myopes and also found no statistically significant increase. Ranta et al 90 stated that each millimeter of increased axial length increases the risk of RD after YAG capsulotomy by a factor of 1.5 times. There is a consensus, however, that YAG capsulotomy increases the incidence of PVD, and in a highly myopic eye, this can potentially precipitate an RD.
Cystoid Macular Edema
Cystoid macular edema (CME) is the most important cause of unfavorable visual outcome after uncomplicated phacoemulsification. Vukicevic et al 91 reported a 5% incidence of subclinical CME diagnosed with OCT and a 3% incidence of clinical CME. In a large study of 81,984 eyes, Chu et al 92 reported a baseline incidence of 1.17% CME in eyes without operative complications, diabetes, or risk factors. High myopia did not increase the risk of pseudophakic CME in their series.
Choroidal Neovascular Membrane
There are case reports of CNVM after refractive lens exchange for myopia, with Hayashi et al 93 reporting an incidence of 12.5% CNVM development after cataract surgery in high myopes. Whether this was related to the higher degree of myopia with a preexisting lacquer crack that was missed or due to some inflammatory mediators and free radicals released after surgery cannot be conclusively proved. Because the reported incidence of CNVM after uncomplicated phacoemulsification is not high, we assume that it is secondary to the degree of myopia, and it is prudent to perform OCT preoperatively in all refractive lens exchange patients, especially those with more than 10 D of myopia. The presence of a myopic CNVM in the fellow eye is also considered as a risk factor for developing CNVM in the operated eye.
Endophthalmitis
Endophthalmitis is a rare but often devastating complication of IOL surgery. Before the era of intracameral antibiotics, the risk of endophthalmitis after routine uncomplicated phacoemulsification ranged between 0.1% and 0.5%, with a slightly higher risk in clear corneal incision. Routine use of intracameral antibiotics such as cefuroxime/moxifloxacin has significantly reduced the incidence of postoperative endophthalmitis. Although the incidence of endophthalmitis after RLE is very rare, Aggerman et al 94 did report a case of Fusarium endophthalmitis after RLE.
CONCLUSIONS
Refractive lens exchange is a reasonably effective and safe procedure in high myopes when performed after proper preoperative evaluation with a small risk of RD. Meticulous surgery with minimal intraoperative vitreous disturbance and a regular follow-up postoperatively until the occurrence of PVD can reduce the risk of RD further. With the higher risk of RDs in younger patients, it is prudent to defer RLE in patients younger than 40 years if possible, and other options such as phakic IOL should be considered. The technique is fairly simple, effective, predictable, and costeffective and can be incorporated into the practice pattern of any anterior segment surgeon. Refractive lens exchange brings significant benefits to carefully selected patients with high myopia.
